This study characterised and evaluated the phenolic composition and antioxidant activity of the red wine grape Vranac (Vitis vinifera L.) from the southern Serbian vineyard region during grape ripening. Polyphenol composition at different harvest dates was determined by HPLC-DAD analysis. Antioxidant activity was estimated by DPPH assay. The study demonstrates that the Vranac variety represents important sources of dietary antioxidants. The results show that (+)-catechin, (-)-epicatechin and procyanidin dimer B2 were the most prevalent in the seeds, and quercetin and malvidin glucosides in the grape skins. All grape extracts were shown to have high radical-scavenging activity. Strong correlations between radical-scavenging activity and polyphenols suggest that the phenolic composition of the Vranac variety contributes significantly to the antioxidant capacities of grape extracts. During grape ripening there were significant changes in physiological properties and phenolic content, and it is important to determine optimal harvest time, which will ensure grapes with very good quality parameters (in our study at the 30th day after véraison).
INTRODUCTION
Grapes (Vitis vinifera L.) are important sources of antioxidants such as phenolic compounds. The antioxidant activity of dietary polyphenols is considered to be much greater than that of the essential vitamins, therefore contributing significantly to the health benefits of grapes (Banini et al., 2006; Anastasiadi et al., 2010) . Over the past few years there has been increasing interest in determining the relevant dietary sources of antioxidant phenolics.
Phenolic compounds are divided into two groups: flavonoid (anthocyanins, flavan-3-ols, condensed tannins and flavonols) and non-flavonoid compounds (phenolic acids and stilbenes). The composition of each family of polyphenols is directly responsible for the special characteristics of specific grape varieties and of the resulting wine.
It is known that, while the skin of the grape berry contains condensed tannins and pigments, the seeds contain tannins and the pulp contains small quantities of those compounds and generally no pigments (Mori et al., 2005; Tsanova-Savova et al., 2005; Kennedy et al., 2006; Adams, 2006; Rodrígez et al., 2006) . Condensed tannins, which are polymers of flavan-3-ol analogues, are the most abundant category of soluble polyphenols in grape berries, found predominantly in the hypodermal layers of the skin and in the soft parenchyma of the seeds (Yinrong & Yeap Foo, 1999) .
Anthocyanins are the second most important group of phenolic compounds and are also located in the thick-walled hypodermal cells of the skin. The main anthocyanin found in the skin of Vitis vinifera L. grapes is malvidin-3-glucoside, with amounts varying according to variety, ecological conditions and viticultural practices (Adams, 2006; Downey et al., 2006; Kennedy et al., 2006) . Flavonols, as the third main group of phenolic compounds (kaempferol, quercetin, myricetin, luteolin) , are abundant in wine, while in grapes they are present in the form of glucosides, galactosides, glucuronides and quercetin-3rutinoside (rutin). In most cases, flavonols are less abundant than the other phenolic compounds discussed above (Revilla & Ryan, 2000; Kennedy et al., 2006) .
The importance of phenolic compounds as a healthprotecting factor has been demonstrated many times (Geenspan et al., 2005; Lee et al., 2005; Banini et al., 2006; Del Pozo-Insfran et al., 2007) . For that reason, the composition of phenolic compounds in different grapes and wine, and their extractability and antioxidant properties, have often been investigated (Lacopini et al., 2008; .
The aim of this work was to determine the influence of ripening stage on the phenolic composition of Vranac grapes, an important variety in southern European viticulture and winemaking. This work also sought to quantify the individual phenolic compounds at commercial harvest, as well as the free radical scavenging activity of Vranac grape phenolics at different stages of ripening.
MATERIALS AND METHODS

Reagents and chemicals
Methanol, acetonitrile, formic acid and acetic acid of HPLC grade were obtained from Merck (Darmstadt, Germany). Gallic acid, caffeic acid, t-coutaric acid, p-coumaric acid, malvidin-3-monoglucoside chloride, cyanidin-3-glucoside chloride, (+)-catechin, procyanidin B2, (-)-epicatechin, (-)-epicatechin gallate, quercetin, rutin, quercetin-glucoside, luteolin-glucoside, myricetin-glucoside, kaempferolglucoside and 2,2`-diphenyl-1-picrylhydrazyl (DPPH) free radical were supplied by Sigma Chemical Co. (St. Louis, MO). The reagents used were of analytical quality.
Sample collection
The grape variety Vranac (Vitis vinifera L.) was collected from the southern Serbian vineyard region. Vranac ripens in mid-October, when the skin is dark blue in colour. The grapes were harvested in the 2009 harvest season. Some data for weather conditions in the southern Serbia region in 2009 are given in Table 1 . This data can be used as representative, average data for this region (weather conditions have not changed significantly in the last ten years).
For analysis, 100 berries were collected every at random from each bunch 10 days after véraison (starting in the last week of August and ending in the middle of October), weighed and then crushed by hand to extract the juice. The juice was used to determine the total soluble solids (°Brix) using a hand-held refractometer, the titratable acidity (by titration with NaOH), the pH (using a calibrated pH-meter) and the maturity index defined as the ratio of total soluble solids to titratable acidity. °Brix is directly related to the potential alcohol (vol%) and the sugar content (g/L). Grapes for phenolic analysis were frozen after sampling and stored at -20°C. Before extraction, the seeds, skins and pulp were manually separated from the whole berries. Seeds and skins were dried at 60°C and measured until constant weight. Dried grape seeds and skins were crushed in a grinder for 2 min and then used for extractions.
Extraction procedures
The samples of berry seeds (0.5 g dry seeds), skins (0.5 g dry skin) and pulp (1 g fresh pulp) were extracted with 40 mL solvent system of methanol/acetone/water/ acetic acid (30/42/27.5/0.5) by stirring continuously at room temperature in the dark for 30 min and then centrifuged for 10 min at 2500 x g. The supernatants were collected and the precipitates were extracted again with the same solvent (40 mL). The extracts were centrifuged (10 min at 2500 x g) and the supernatants were removed and combined with the previously collected supernatants to make up a final volume of the extracts. Extracts were filtered through a 0.45 μm syringe filter before analysis.
Total phenols
Total phenolics in the selected extract samples were determined according to Mazza's method (Mazza et al., 1999) , with some modifications as described in previous work . Briefly, 0.25 mL of the diluted sample was mixed with 0.25 mL of 0.1% HCl in 95% ethanol and 4.55 mL of 2% HCl, approximately 15 min before reading the absorbance at 280 nm with a UV/ VIS spectrophotometer (Agilent 8453 spectrophotometer). The absorbance at 280 nm, A 280 nm , was used to estimate total phenolics (gallic acid was used as standard).
Total anthocyanins
The anthocyanins were determined according to Rigo's method (Rigo et al., 2000) . Briefly, the grape skin extracts were appropriately diluted with ethanol/water/hydrochloric acid (70/29/1) and the absorbance was measured at the wavelength of 540 nm after 15 min. Malvidin-3-O-glucoside was employed as a calibration standard and the results were expressed as malvidin-3-O-glucoside equivalents -ME. 
HPLC analysis
The polyphenol composition of the grape seeds and skin was analysed by high performance liquid chromatography (HPLC) of the extracts, previously filtered through a 0.45 μm-pore size membrane filter. The apparatus used for the separation and determination of individual polyphenols from the grape extracts was an Agilent Technologies 1200 chromatographic system, equipped with an Agilent photodiode array detector (DAD) 1200 with RFID tracking technology for flow cells, and a UV lamp, an automatic injector, and ChemStation software. The column was calibrated at 30°C. The separation was performed on an Agilent-Eclipse XDB C-18 4.6 × 150 mm column. The HPLC method used was according to with some modification (elution gradient and flow rate). The HPLC grade solvents used were formic acid/water (5:95 v/v) as solvent A, and acetonitrile/ formic acid/water (80:5:15 v/v) as solvent B. The elution gradient was linear as follows: from 0 to 10 min, 0.0% B, from 10 to 28 min, 10.0% B, from 28 to 35 min, 25% B, from 35 to 40 min, 50% B, from 40 to 45 min, 80% B, and for last 10 min again 0% B. The injection volume was 5 µL and the flow rate was 0.9 mL/min. The detection wavelengths were 280, 320, 360 and 520 nm for UV, and 275/322 nm (λ Ex /λ Em ) for fluorescence detection. The different polyphenolic compounds were identified by comparing their retention times and spectral characteristics with data of original reference standard compounds, and with data given in the literature (Revilla & Ryan, 2000; . Quantification was accomplished using external calibration with pure standard solutions of gallic acid, caffeic acid, t-coutaric acid, p-coumaric acid, malvidin-3-Oglucoside, cyanidin-3-glucoside, (+)-catechin, procyanidin B2, (-)-epicatechin, (-)-epicatechin gallate, quercetin, rutin, quercetin-glucoside, luteolin-glucoside, myricetinglucoside and kaempferol-glucoside. The calibration curves (five data points, n = 2) were linear, with R 2 = 0.99. Results were expressed as mg/g sample (seed and skin) DM. The concentration of delphinidin-3-glucoside was expressed as cyanidin-3-glucoside equivalent, and concentrations of petunidin-3-glucoside, peonidin-3-glucoside were expressed as malvidin-3-glucoside equivalents.
Antioxidant activity
The free radical scavenging activity of the grape samples was analysed using a 2,2,-diphenyl-1-picrylhydrazyl (DPPH)
assay (Choi et al., 2002; Munoz-Espada et al., 2004) . The antioxidant assay was based on the measurement of the loss of DPPH colour by the change of absorbance at 517 nm caused by the reaction of DPPH with the tested sample. The reaction was monitored with a UV/VIS spectrophotometer. The diluted sample (extract was diluted with water, 1:10 v/v) and fresh 1x10 -4 M DPPH methanolic solution were pipetted into cuvettes at room temperature. After 20 min incubation at room temperature, the absorbance was read against a blank (the absorbance of diluted sample extract) at 517 nm. The radical scavenging activity of DPPH (%) of each extract sample was calculated from the decrease of absorbance according to the following equation :
, A blank is the absorbance of the diluted sample extract, and A sample is the absorbance of the diluted sample extract with DPPH methanolic solution.
Statistical analysis
All the experiments were performed in triplicate. Values are presented as means ± standard deviation. Significant differences were determined by analysis of variance (ANOVA), followed by the Tukey test. Data were analysed using the Origin software package, version 7.0.
RESULTS
Changes in berry weight (g per 100 berries), °Brix, pH, potential alcohol (vol %) and titratable acidity (mg/L) during grape ripening are shown in Table 2 . The sugar content of the five samples of different ripening stages ranged between 113.9 and 237.9 g/L, corresponding to a potential alcohol range of between 6.325 and 13.468 vol %, respectively. Total phenols in the grape seeds and skin were expressed as mg gallic acid equivalent (GAE) per g of dry matter (mg GAE/g DM), and in the pulp as mg GAE per g of fresh pulp. The results show that the highest content of phenolics was in seed extracts and the lowest was in pulp extracts. The total phenol content ( Fig. 1 ) ranged from 251.46 ± 5.18 to 315.45 ± 7.17 mg GAE/g of dry seeds, from 74.04 ± 5.25 to 112.83 ± 4.27 mg GAE/g of dry skin, and from 21.21 ± 2.11 to 58.53 ± 3.77 mg GAE/g of fresh pulp.
All the studied extracts showed high radical scavenging (Fig. 2) . The highest radical scavenging activity was in seed extracts (from 77.73 to 82.22%), follow by skin extracts (from 49.04 to 68.12%) and pulp extracts (from 21.96 to 36.24%).
Polyphenol composition at different harvest dates was determined by HPLC-DAD analysis and the results are shown graphically for the main polyphenols present in the seeds -flavan-3-ols: [(+)-catechin, (-)-epicatechin and procyanidin B2] in Fig. 3, and in the skin -quercetin and malvidin-3-glucoside in Fig. 4 .
Total anthocyanins in skin extracts are shown in Fig. 4 . They ranged from 33.46 ± 1.52 to 48.51 ± 1.21 mg malvidin-3-Oglucoside equivalent (ME)/g of dry skin. The composition of individual polyphenol compounds estimated by HPLC found in Vranac grape seed and skin at optimal harvest is shown in Table 3 .
DISCUSSION
The results show that, after véraison, there are physiological changes in the berries -a constant increase in the concentration of sugar, solid substances and pH in the berries, with a reduction in acidity. The weight of the berries at first indicates growth and reaches a maximum value at a sugar concentration of 198.5 g/L, and then slowly decreases (Table 2) . Some authors explain the decrease in berry weight during berry ripening in terms of water deficit (Downey et al., 2003; Krasnow et al., 2009) . Beyond sugar accumulation, the major determinants of grape quality are the secondary metabolites -polyphenols. The concentrations of total phenols increased in the grape seed, skin and pulp during grape ripening, and then decreased slightly from the 40th day after véraison (Fig. 1 ). An increase in total phenol content during grape ripening has also been reported by Delgado (2004) , O-Marques et al. (2005) and Canals et al. (2005) , although decreases have also been reported (Obreque-Slier et al., 2010) .
The concentration of flavan-3-ols also changed during grape ripening, especially that of (-)-epicatechin and procyanidin B2 (Fig. 3) . From véraison to harvest, on the 30th day after véraison, the concentration of (-)-epicatechin and procyanidin B2 increased from 2.81 to 10.93 mg/g and from 0.65 to 2.45 mg/g, and then decreased to 8.51 and 1.98 mg/g respectively. The concentration of (+)-catechin remained relatively constant from véraison to all harvest dates after véraison, varying between 0.85 and 1.12 mg/g. Others have reported similar flavan-3-ol accumulation in grape seeds during grape ripening (Kennedy et al., 2000a; Ristic & Iland, 2005; Liu et al., 2010; Obreque-Slier et al., 2010) . This is due to the fact that this class of polyphenols has already formed before véraison (De Frietas et al., 2000; Kennedy et al., 2000a Kennedy et al., , 2001 Downey et al., 2003) . The reduction in concentrations of flavan-3-ol monomers and tannins in grape seeds may result from the oxidation of phenolic compounds, due to which they are fixed to the seed coat and therefore are less available for extraction (Cheynier et al., 1997; Kennedy et al., 2000b) . A decrease in skin tannin concentration during berry development has previously been attributed to tannin being more difficult to extract, possibly due to interactions with cell wall material (Hanlin et al., 2010) . The amount of quercetin in grape skin (Fig. 4) increased until the 20th day after véraison, and then decreased slightly. Obreque-Slier et al. (2010) reported a similar decrease in the amount of flavonols for the Cabernet Sauvignon and Carmenere varieties. Some authors have reported an increase in flavonol content during the ripening of grapes (Mori et al., 2004; Munoz et al., 2007) .
The total anthocyanins accumulated rapidly in the grape skins during grape ripening after véraison and reached a maximum value at a sugar concentration of 198.5 g/L, and then slowly decreased (Fig. 4) . Our results support previous studies examining the influence of grape ripening on total anthocyanins (Kennedy et al., 2002; Mori et al., 2007) . The anthocyanin concentration decreased slightly with further increasing sugar concentration in the berry pulp; this can be explained by environment effects. During this period of grape development, the berries were exposed to solar radiation, high temperatures and low irrigation. Berry temperature, additionally fuelled by berry skin exposure to sunlight, can slowly inhibit the biosynthesis of anthocyanins (Tarara et al., 2008) . Other works have also described dramatic effects of the environment and culture conditions on anthocyanin accumulation (Ryan & Revilla, 2003; De la Hera Orts et al., 2005; Downey et al., 2006; Human & Bindon, 2008) . Free radical scavenging activity (RSA, %) can be expressed as the amount of extract needed to quench a certain amount of DPPH free radicals (Choi et al., 2002; Munoz-Espada et al., 2004) . The decrease in the absorbance at 517 nm is taken as a measure of the extent of radical scavenging. Radical scavenging activity (RSA, %) decreased in the following order: seed extracts > skin extracts > pulp extracts, which is in agreement with reported data (Lacopini et al., 2008; Anastasiadi et al., 2010; Butkhup et al., 2010) . The correlation between phenolics found in extracts from grape seeds, skins and pulp and their radical scavenging activity Values are the means ± standard deviation (n = 3). nd, not detected Means in the same column bearing different letters are significantly different (p < 0.05), as analysed by the Tukey test. a The level of delphinidin-3-glucoside is expressed as cyanidin-3-glucoside equivalent. b The levels of petunidin-3-glucoside and peonidin-3-glucoside are expressed as malvidin-3-glucoside equivalents. c Sum of malvidin, delphinidin, cyanidin, petunidin and peonidin glucoside (acetyl and coumaryl) derivatives (mg ME/g DW).
(RSA) was significant. The highest correlation was between RSA and anthocyanins (r 2 = 0.986, p < 0.05), followed by RSA and total phenols (r 2 = 0.952, p < 0.05). Strong correlations suggested that the phenolic composition of the Vranac variety contributed significantly to the antioxidant capacities of grape extracts. According to the changes in antioxidant activity and phenolics of the investigated grape extracts (Figs 2 to 4) and sugar accumulation in the pulp (Table 2) , harvesting at the 30th day after véraison can be optimal for receiving grapes rich in antioxidants. The antioxidant-rich extracts of seeds and skins at optimal harvest time (30th day after véraison) are characterised in Table 3 . The results in Table 3 show a significant and different polyphenol composition in the grape seeds and skins of the Vranac variety. The seeds were rich in flavan-3-ols, while the skins had less flavan-3-ols but were rich in flavonols and anthocyanins. We detected the phenolic acids in the grape seeds and skins as being gallic acid, t-coutaric acid, caffeic acid and p-coumaric acid. Butkhup et al. (2010) reported the presence of gallic acid in seeds and skins (0.278 and 0.164 mg/g DW respectively), caffeic acid (0.0048 and 0.0158 mg/g DW respectively), ellagic acid and ferulic acid, but an absence of t-coutaric acid and p-coumaric acid. Anastasiadi et al. (2010) found that gallic and caffeoyltartaric acids were the only detected phenolic acids in the grape seeds and skins from four native Greek Vitis vinifera cultivars.
The composition and concentration of individual flavonols in the grape skins at optimal harvest time ( Table 3) showed that glucosides of quercetin, myricetin, kaempferol and luteolin were predominant, but some amount of quercetin aglycone was also present, which is in agreement with the data of the flavonol composition in Syrah, Cabernet Gernischt, Cabernet Sauvignon, Merlot, Gamay, Pinot Noir and Shiraz skins (Jin et al., 2009; Butkhup et al., 2010) . The quercetin-3-glucoside was found to be the more abundant flavonol in the skins of the Vranac variety, thus coinciding with data reported by other authors for Cabernet Sauvignon (Obreque-Slier et al., 2010) and Syrah, Cabernet Gernischt, Cabernet Sauvignon, Merlot, Gamay and Pinot Noir, where the concentrations of quercetin-3-glucoside were between 0.0103 to 0.358 mg/g DW (Jin et al., 2009) . The data in the literature are contradictory about the presence of flavonol aglycones in the skins. Some authors have reported the presence of aglycones (Lacopini et al., 2008) , while others have reported its absence (Cheynier & Rigaud, 1986) . The presence of flavonol aglycones in skin extracts is a consequence of the progressive hydrolysis of glycosides. This can also be the result of skin extraction into acidic media (Downey et al., 2007) . We also found a significant concentration of rutin in Vranac skins, which is in agreement with the literature (Lacopini et al., 2008; Butkhup et al., 2010) .
The composition of individual flavan-3-ols of the Vranac variety (Table 3) shows that flavan-3-ols are mostly concentrated in the seeds. They were also present in the skins, although in a significantly lower concentration, which is in agreement with reported data (De Freitas et al., 2000; Revilla & Ryan, 2000; Sun et al., 2001; Downey et al., 2003; Lacopini et al., 2008; Obreque-Slier et al., 2010; Liu et al., 2010) . Three flavan-3-ol monomers, (+)-catechin, (-)-epicatechin and (-)-epicatechin gallate, were detected in the grape seeds. In the seeds of the Vranac variety, (-)-epicatechin was the major flavan-3-ol monomer, while (-)-epicatechin gallate was present in trace amounts, which is consistent with data previously reported (Butkhup et al., 2010; Liu et al., 2010) . Other authors have reported that (+)-catechin was the most abundant flavan-3-ol monomer in Cabernet Sauvignon and Marselan seeds (Kennedy et al., 2000a; Downey et al. 2003; Liu et al., 2010) . Lacopini et al. (2008) reported concentrations of (+)-catechin in grape seeds of Merlot, Cabernet Sauvignon, Canaiolo, Colorino Vino, Foglia Tonda and Montepulciano of 1.38, 1.41, 1.40, 1.24, 0.67 and 2.05 mg/g DM respectively, and slightly lower concentrations of (-)-epicatechin at 1.31, 1.27, 2.05, 0.89, 0.47 and 1.64 mg/g DM respectively. The concentrations of oligomeric procyanidins in the grape seeds and skins were significantly higher in comparison with the monomers (Sun et al., 1998 (Sun et al., , 2001 O-Marques et al., 2005) .
The flavan-3-ols that we detected in Vranac skins were (-)-epicatechin (0.018 ± 0.003 mg/g DM) and procyanidin B2 (0.027 ± 0.004 mg/g DM). Jin et al. (2009) reported the presence of (+)-catechin in skins of Syrah, Cabernet Sauvignon, Cabernet Gernischt, Merlot, Gamay, Yan 73 and Pinot Noir (0.034, 0.023, 0.016, 0.013, 0.028, 0.044 and 0.008 mg/g DW respectively), and its absence in two varieties, namely Zinfandel and Muscat Rose. These authors found (-)-epicatechin in the skins of Cabernet Gernischt, Merlot and Yan 73 (0.016, 0.037 and 0.079 mg/g DW respectively), but not in the skins of Cabernet Sauvignon, Syrah, Gamay, Pinot Noir, Zinfandel and Muscat Rose. Also, Pinot Noir, Zinfandel and Muscat Rose had an absence of procyanidin B2 and others procyanidins, while the rest of the varieties showed a presence of procyanidin B2 in concentrations ranging from 0.007 mg/g in Cabernet Gernischt to 0.037 mg/g DW in skins of the Merlot variety.
The composition of individual anthocyanins in Vranac skin at optimal harvest time showed that the main anthocyanins were monoglucosides of five anthocyanidins: delphinidin, cyanidin, petunidin, peonidin and malvidin. Malvidin-3-glucoside was found to be the most abundant in the skins of the Vranac variety (7.09 ± 0.59 mg/g DM). The order of abundance of other anthocyanin glucosides was as follows: petunidin > delphinidin > peonidin > cyanidin. We also detected, in lower concentrations, acetyl and coumaryl monoglucoside derivatives of these five anthocyanins. Bindon et al. (2011) reported that malvidin-3-glucoside was the anthocyanin with the highest concentration in the skins of Merlot (between 208.57 and 411.97 mg/kg berry FW), followed by other glucosides: delphinidin, petunidin, peonidin and cyanidin (47.1 to 175.02, 40.7 to 120.00, 33.4 to 87.47 and 8.2 to 43.45 mg/kg berry FW respectively), and derivatives of these glucosides in significantly lower concentrations. Jin et al. (2009) also detected malvidinglucoside as the most abundant in the skins of nine red grape varieties, with concentrations between 3.058 and 7.459 mg/g DW, followed by other glucosides: delphinidin, petunidin, peonidin and cyanidin (0.048 to 6.97, 0.077 to 4.91, 0.307 to 3.342 and 0.041 to 3.118 mg/g DW, respectively).
CONCLUSIONS
In addition to the standard physiological properties of grapes (°Brix, acidity, maturity index), the grape quality is largely influenced by the amount of polyphenols and their composition. High accumulation of sugar in the grape pulp during grape ripening correlated well with the accumulation of phenolics in the grape skins and seeds. We can conclude that the Vranac red grape cultivar possesses very good quality due to both the physiological properties of the grape and the significant portion of polyphenol compounds in the grape seeds, skins and pulp.
This study demonstrates that the Vranac variety represents an important source of dietary antioxidants. Strong correlations between radical scavenging activity and polyphenols suggest that the phenolic composition of the Vranac variety contributes significantly to the antioxidant capacity of the grape extracts.
Grapes are health-promoting foods and it is important to characterise different ripeness stages and to determine differences between seeds, skin and pulp extracts that represent natural sources of phytochemicals and may also be used in the formulation of functional foods. Optimal harvest time can be defined as a compromise between sugar/ acid balance in the pulp and seeds, and skin polyphenol concentration and composition. If we want to obtain grapes as health-promoting foods we can choose to harvest them when the grapes are rich in phenolics (in our study at the 30th day after véraison).
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